16 Egypt. J. Soil Sci. Vol. 65, No. 1. pp: 239 - 252 (2025)

Egyptian Journal of Soil Science
http://ejss.journals.ekb.eg/

o [

Simulated Experimental Effect of Bulk Density on Infiltration Rate of
China’s Loess Plateau

Ahmed E. Talat"?, Ruikun Feng', Guanheng Liu', Jiabo Xie!, Zekang Cai* and Jian Wang!”  CrossMark

! Institute of Soil and Water Conservation, Northwest A&F University, Yangling 712100, Shaanxi, PR China
2Soil Science Department, Faculty of Agriculture, Ain Shams University, 11241 Cairo, Egypt

Understanding the relationship between bulk density (BD) and infiltration rate is crucial for
effective water resource management and land use planning in regions with fragile ecosystems
such as the Loess Plateau. The study involved selecting five sampling sites, Yangling (YA), Chunhua
(CH), Fuxian (FU), Suide (SU), and Shenmu (SH), covering various climate zones and soil types.
Laboratory experiments were conducted to simulate different BD values of 1.00, 1.10, 1.20, 1.30, and
1.40 g.cm™ were simulated and three replicates were conducted for each soil at each BD level using
soil cylinders and a mini disc infiltrometer (MDI) used to measure infiltration rates under various
suction heads over time. Particle size distribution, and soil organic carbon (SOC) content were
analyzed for each soil. Results showed infiltration rates decreased with increasing suction head and
BD value for all soils. Significant correlations were observed between infiltration parameters and soil
constituents (Sand, Silt, and Clay). Also, soil parameters of van Genuchten’s model (n, and o) and
hydraulic conductivity K, derived from measured data using MDI, varied inversely with BD, high the
coefficient of determination (R?) between the data estimated using MDI and those predicted by the
Philip model ranged from (R* > 0.832 - 0.969) in most samples, which demonstrated the quality of
the data estimated from MDI device, This study demonstrated that increasing BD reduces soil
infiltration capacity due to changes in pore structure. The findings provide insights into managing soil
and water resources in the ecologically fragile Loess Plateau region by understanding the impacts of
compaction on hydrodynamic processes.

Keywords: Soil infiltration rate, Simulate bulk density, Mini disc infiltrometer, Phillip model, Soil
parameters, van Genuchten’s model, Loess Plateau.

1. Introduction

Soil infiltration rates play an important role in water movement, environmental contaminants, and storage within
the vadose zone and affect a variety of hydrodynamic processes, including runoff generation, groundwater
recharge, and plant water availability (Rafie and El-Boraie, 2017; Liu et al., 2018; Sun et al., 2018; Chen et al.,
2022). Understanding the factors that control infiltration is essential for effective water resource management
and land use planning, especially in areas with fragile ecosystems such as the Loess Plateau, China (Chen et al.,
2007; Hu and Gao, 2020; Wang et al., 2023). Loess Plateau is characterized by its unique soil type, known as
loess, which is highly susceptible to erosion and degradation due to its loose structure and vulnerability to water
erosion (Qiang-guo, 2001; Xia et al., 2023). Due to the region's diverse climate, which includes temperate, arid,
and semiarid continental monsoon climates, the pattern of precipitation and evaporation varies geographically
(Wang et al., 2023; Zhang et al., 2023). There is a considerable amount of precipitation in the summer, with an
annual range of 150 mm in the northwest to 800 mm in the southeast. (Yao et al., 2013). These climatic
conditions, combined with the topographic features of the region, contribute to the formation of distinct soil
landscapes, including flat surfaces, hills, and gullies, across a wide range of elevations (Wei et al., 2022). The
infiltration rate is strongly influenced by soil properties, such as bulk density (BD), which is a measure of the
compactness of soil (Ozdemir et al., 2022; AlSaeedi, 2023). The pore size distribution and porosity of soil are
impacted by BD, which has a direct impact on the soil's ability to absorb and transfer water (Lipiec et al., 2006;
Mady et al., 2021; Luna-Robles et al., 2024). High BD values can restrict water movement and infiltration,
leading to increased surface runoff and decreased water availability for plants (Bettoni et al., 2023; Saffan et al.,
2024). Therefore, understanding the relationship between BD and infiltration rate is critical for assessing the
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hydrological function of soils and developing sustainable soil and water conservation strategies in the Loess
Plateau (Wang et al., 2023).

Several studies have investigated the effect of BD on soil infiltration in different regions and soil types, for
instance (Li et al., 2009; Sun et al., 2018; Liu et al., 2022) observed a negative correlation between BD and
infiltration rate. However, these studies didn’t focus on laboratory simulation of bulk density and infiltration rate
using more than different BD values and suction heads.

This research aims to experimentally investigate the effect of BD on the infiltration rate of soils in the Loess
Plateau. The study area includes different climate zones and soil types, representing the region's variability of
soil and environmental conditions. Five sampling sites were selected with varying soil characteristics then
disturbed soil samples from the soil surface were collected. Laboratory analysis was conducted to determine the
particle size distribution and soil organic carbon content of the samples.

The experimental setup involved simulating different bulk density values using soil cylinders and a Mini disc
infiltrometer (MDI). The infiltration rate was measured under various suction heads to capture the dynamics of
water movement through the soil. The obtained data were analyzed using statistical methods to assess the
relationship between BD and infiltration rate. Additionally, the Philip model was employed to predict and
evaluate the soil water infiltration process based on the infiltration rate data.

The findings of this research might contribute to a better understanding of the hydrodynamic processes in the
Loess Plateau and provide valuable insights into soil and water conservation practices in the region. By
elucidating the relationship between BD and infiltration rate, this study will aid in the development of
appropriate soil management strategies to mitigate soil erosion, enhance water infiltration, and improve overall
ecosystem resilience in the Loess Plateau.

2. Materials and methods

2.1. Description of the study area and experimental soil

The study area within the Loess Plateau in Shaanxi Province, China, is located between (34°17-38'51 N, 108°03-
11025 E), which has arid, and semiarid continental monsoon climates. Loess Plateau experiences yearly
evaporation of 1400 — 2000 mm, annual temperature fluctuations from 3.6 °C in the northwest to 14.3 °C in the
southeast, and annual precipitation ranging from 150 mm in the northwest to 800 mm in the southeast, with 55—
78% occurring between June and September. The area is encircled by mountains, and at elevations between 100
and 3000 m, the loessial landforms include gullies, hills, and a broad flat area with little erosion. Sampling sites
are Yangling (YA), Chunhua (CH), Fuxian (FU), Suide (SU), and Shenmu (SH). The sites represent different
climate zones and soil types that were selected on the Loess Plateau in the direction from south to north;
Disturbed soil samples were collected from the soil surface, to determine the soil particle size (Sand, Silt, Clay)
and soil organic carbon (SOC) content and estimate the infiltration rate at different values of bulk density (BD).

2.2. Laboratory analysis

The disturbed soil samples were air-dried and passed through a 2.0 -mm sieve, before measuring the soil particle
composition by laser diffraction (Mastersizer 2000, Malvern Instruments, Malvern, United Kingdom) (Houghton
et al., 2002), and through a 0.25 -mm sieve and the dichromate oxidation technique (Nelson and Sommers, 1996)
to calculate the SOC content. The soil characterizations are shown in Table 1. We simulated and prepared five
soil BD different values (1.00, 1.10, 1.20, 1.30, 1.40 g.cm™), that referred by B1, B2, B3, B4, and B5,
respectively. Using three replicates. The dimensions of soil samples were (5 -cm height and 6.5 -cm diameter).
The BD was determined using the following formula:

Dry soil mass
BD = y ' ® (1)
Volume of cylinder (cm3)

The volume of the cylinder is:
V=7zrth )
Where: 7z=3.1416; = radius (half of the diameter) (cm); and / = height of the cylinder (cm).

Dry soil mass(g)=BDxVolume of cylinder(cm?) ?3)
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2.3. Operation of mini disk infiltrometer (MDI)
The mini disc infiltrometer with a disk diameter of 3.1 cm was used in the lab (fig. 1) to run the test for suction

heads of -1, -2, -3, -4, and -5 cm, on soil cylinders equipped with soil BD different values. To improve the
porous stainless steel disk's contact with the soil sample during infiltration, a tiny quantity of fine sand was
added to the upper surface for soil cylinder. As the MDI suction head may be ranged between -0.5 and -7 cm, we
can obtain more information about the soil by removing macropores whose air entry value is less than the
suction of the device (Abichou and Fatehnia, 2014). The volume in the water reservoir tube was noted at time
zero and the change in the water volume was recorded every 30 seconds at regular intervals and measurements
were taken continuously until reaching a steady state to calculate the infiltration rate. Cumulative infiltration is
obtained by dividing the volume of infiltrating water by the area through which water is infiltrating. We then
used Eq.(4) proposed by Zhang (1997) for describing infiltration under disc infiltrometers. Cumulative
infiltration and time can be fitted with the function:
I=CVt+ Gt (4)

where | is the cumulative infiltration (cm), t is the cumulative time (s), and C, and C, are constants that are
related to the soil sorptivity (S), and the hydraulic conductivity (K) by:

€ =4 K 5)
C,=4,S (6)

where Al and A2 are nondimensional coefficients. Consequently, steady infiltration of the soil can be calculated
from Eq. (5), The hydraulic conductivity is then computed from:

K=2 )
where C; is the slope of the curve of the square root of time versus the cumulative infiltration and A is a value
relating the van Genuchten (v.G) parameter for an Genuchten (1980) a given soil type to the suction head and

radius of the infiltrometer disc, A is computed from:

11.65(n%1-1)exp[2.92(n—1.9)ah,

]

A= ()09 n=>1.9 (8)
11.65(n%1—1)exp[7.5(n—-1.9)ahg]

A= Luss( 3”0)0.91 o n<1.9 ©)

where n and o are v.G soil parameters, 1 is the disk radius, and hy is the suction on the disk surface. The v.G soil
parameters were obtained from Carsel and Parrish (1988), according to the MDI manufacturer’s information.

2.4. The infiltration model evaluation

Philip model was used to predict and evaluate the soil water infiltration process (Dong et al., 2019) using
infiltration rate data obtained from MDI. Philip (1957) proposed a model based on a semi-analytical solution of
Richards’ flow equation (Richards, 1931). In this solution, Philip used a time series to solve the Richards
equation. By neglecting the higher-order terms, the Philip model formula is:

| = S5+ At (10)

where A is the constant infiltration rate in cm/min, S is the sorptivity in cm/min®®, I is the cumulative infiltration
(cm), and t is the infiltration time ().

Table 1. Main physical and chemical properties of the study sites.

Particle size distribution (%)

Study SOC Clay Silt Sand Soil texture
sites

SH 2.62+0.49 12.9340.61 13.75+0.65 73.32+0.47 Sandy loam
SU 3.24+0.15 21.91+0.82 29.23+0.89 48.86+1.65 Loam
FU 4.24+0.67 29.16+0.22 35.13+1.17 35.71£1.10 Clay loam
CH 10.87+0.10 32.04+0.89 39.96+1.65 28.00+1.43 Clay loam
YA 29.40+0.27 37.52+0.51 40.94+0.35 21.54+0.97 Clay loam

* SOC soil organic carbon (g kg™), values represent the mean =+ standard error.
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Fig. 1. Mini disc Infiltrometer used for measuring infiltration rate under different BD values.

2.5. Statistical analyses

The infiltration rate parameters under different BD values were analyzed using a one-way analysis of variance
(ANOVA). with Duncan’s multiple range tests (p < 0.05) using SPSS 26 software (IBM SPSS Statistics,
Armonk, NY, USA). To find noteworthy variations across groups, post-hoc comparisons were carried out.
Groups with the same letter in a column indicate no significant difference (p < 0.05). A significant threshold of p
< 0.05 was established.

3. Results

3.1. The infiltration rate changes with suction head under different BD values

The infiltration velocity is the rate at which water percolates from the soil surface per unit area, or its rate of
entry. Figure 2 shows the infiltration velocity of soil with different BD values under suction heads with time
using MDI. The variation of soil infiltration rate with time, especially at a suction head of -1 cm at the beginning
of the curve was high. It then begins to decrease gradually until it stabilizes, followed by the other suction heads
-2, -3, -4, and -5 cm, respectively at sampling sites SH, SU, FU, CH, and YA. In addition to the gradual increase
in soil BD values from B1, B2, B3, B4, and B5, respectively, infiltration rates decreased over time in soils with
different BD values, mainly due to a decrease in the absolute value of the matric potential and a sharp decrease
in soil negative pressure respectively. The soil matric potential gradient starts to gradually diminish after 1 min
of infiltration In the initial stages of infiltration, the water entering the soil may be higher, leading to a steeper
matric potential gradient. As time progresses, the infiltration rate may decrease due to factors like soil
compaction, reduced hydraulic conductivity, or the filling of larger pores, leading to a diminishing gradient.
Although the rate of soil infiltration is usually stable, different soil locations with varying textures take varying
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amounts of time to achieve steady infiltration. After 7 min, SH soil achieved a steady infiltration state; SU and
FU soils did the same after 8 min; and CH and Y A soils did so after 9 min.

For the majority of soils, the higher the BD value, the lower the infiltration rate during the infiltration process.
The late infiltration curve portion approaches a horizontal straight line, suggesting that BD's impact on the
infiltration rate gradually diminishes over time.
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Fig. 2. The infiltration rate of different soils with bulk density values and suction heads with time using

MDI.
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Fig. 2. The infiltration rate of different soils with bulk density values and suction heads with time using
MDI (Continued).

3.2. Effect of soil BD on cumulative infiltration

The cumulative infiltration is defined as the total amount of water infiltrated into the soil through the surface per
unit area. Figure 3 shows in SH soil when the BD values increased from 1.00 g.cm™ to 1.40 g.cm?, the
cumulative infiltration decreased from 3.25 cm to 2.61 cm, and the Coefficient of determination (R? > 0.92),
Moreover, we also see that in SU soil when the BD values increased from 1.00 g.cm™ to 1.40 g.cm?, the
cumulative infiltration decreased from 3.01 cm to 2.47 cm, and (R? >0.96). In addition, at FU, CH, and YA soils
when the BD values increased from 1.00 g.cm™ to 1.40 g.cm™, the cumulative infiltration decreased from 2.76
cm to 1.99 cm, 2.57 cm to 1.86 cm, and 2.17 cm to 1.74 cm, and (R® > 0.99, 0.98 and 0.91), respectively with
soils. the soils showed an obvious turning in cumulative infiltration under different BD values. This may be due
to the differences in soil texture of the five soils.

3.3. The relationship between infiltration rate parameters and soil properties

Figure 4 displays the Pearson correlation between infiltration rate parameters and soil properties. It shows that
BD had a negative correlation with SOC (P = -0.86), and a negative correlation with S, IN, ST, and C1, ranging
between (P =-0.74 ~ -0.90), Sand had a positive correlation with S, IN, ST, and C1, ranging between (P = 0.99 ~
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0.87), and a negative correlation with Silt, Clay, and SOC, ranging between (P = -0.70 ~ -0.99), Silt had a
positive correlation with Clay, and SOC, ranging between (P= 0.99 ~ 0.63), and a negative correlation with IN,
ST, C1, and S, ranging between (P=-0.88 ~ -0.99), Clay had a positive correlation with SOC (P = 0.78), and a
negative correlation with IN, ST, C1, and S, ranging between (P = -0.84 ~ -0.96), SOC had a negative correlation
with IN, ST, C1, and S, ranging between (P = -0.46 ~ -0.60). Also, IN had a positive correlation with ST, C1,
and S, ranging between (P = 0.98 ~ -0.93), ST had a positive correlation with C1, and S, ranging between (P =
0.98 =~ 0.94), C1 had a positive correlation with S (P = 0.89).
——SH ——5SU ——FU CH ——YA

y=-1.5645x+4.87 y=-1.2329x+4.20 y=-1.9532x+4.74 y=-1.6919x +4.24 y=-0.9893x +3.17
R? =0.9284 R?=0.9617 R?=0.9917 R?=0.9808 R?=0.9142
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Fig. 3. The relationship between bulk density and cumulative infiltration of different soils.
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Fig. 4. Triangle heatmap correlation matrix between infiltration rate parameters and soil properties, (BD) soil bulk
density, (IN) initial infiltration rate (ST) final infiltration rate, (C1) parameter are related to the soil sorptivity,
(S) the soil sorptivity.
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3.4. Soil infiltration parameters for different soils and BD values

Table 2 displays Soil infiltration parameters for different soils and BD values, and the coefficient of
determination between values measured and predicted for infiltration rate. We find that the highest values of soil
parameters n and a at BS (2.247 and 0.198) in SH, the lowest value at B1 (1.070 and 0.029) in YA, and higher
values of 'n' suggest higher water infiltration rates and lower values indicate slower infiltration and higher 'a'
values indicate greater water retention capacity and values lower suggest lower water-holding capacity.Also, the
highest K value at B1 (9.740) in YA, and the lowest value at B5 (2.160) in SH, higher values of 'K' indicate
faster water infiltration and greater soil permeability, and vice versa. This indicates an increase in BD is
associated with an increase in the soil parameters n and a. At the same time, a decrease in the K is observed. The
coefficient of determination (R?) values indicates the degree of correlation between the measured values and the
predicted values from Philip model. The (R?) values for the infiltration rate are relatively high values across the
different study sites and bulk density values. The R® values range from 0.832 to 0.969, suggesting a strong
correlation between the measured values obtained from the device and the predicted values using Philip model.
The A value is defined as the ratio of the rate of water infiltration into the soil to the rate of water flow out of the
soil. Table 3 shows a comparison of the effectiveness of different BD values (B1, B2, B3, B4, and B5) in
measuring the A value of a mini-disc infiltration meter at various applied suction heads (-1 to -5 cm). The table
shows the average A values for each BD value at each applied suction head, along with their standard deviations.
We found that the A values are generally higher for soils with higher BD values (i.e., B5, B4, and B3 have
higher A values than B2 and B1), this suggests that these soils may be more effective at measuring the
infiltration rate of water through the soil profile, this relationship could be due to the compactness of the soil,
which affects how easily water can penetrate through it. Soils with higher BD are typically more compacted,
which can slow down water infiltration but might provide more accurate measurements due to the decreased
permeability. However, it's also worth noting that the A values can vary significantly between soils even when
they have similar BD values. For example, B1 has an A value of 5.75+0.60 a, while B2 has an A value of
7.35+1.65 a. This suggests that there may be some variability in the performance of different soils, even if they
have similar BD values.

3.5. Effect of BD values and SOC content on saturated hydraulic conductivity

Soil hydraulic conductivity is a crucial parameter that characterizes the ability of soil to transmit water. It is
influenced by various soil properties, such as texture, structure, porosity, and organic matter content.

Figure 5 shows the relationship between observed and model-fitted values of saturated hydraulic conductivity
(Ks) with BD values and SOC content for different soil studies. Ks varied considerably between replicates for
most soil studies (Fig. 5 a, b, ¢, d). By comparing the observed values with the model-fitted values, the accuracy
and reliability of the model can be evaluated. Higher bulk density often leads to reduced pore space and
decreased hydraulic conductivity. In addition, the study demonstrated that increasing SOC content enhanced
hydraulic conductivity by promoting soil aggregate stability and pore formation. SOC content, on the other hand,
affects soil structure, water-holding capacity, and nutrient availability, it is generally associated with improved
soil aggregation and increased hydraulic conductivity. The relationship between these variables is complex and
site-specific, requiring the use of models to better understand and predict hydraulic conductivity under different
conditions.
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Table 2. Soil infiltration parameters for different soils and BD values, and the coefficient of determination
between values measured and predicted for infiltration rate.

Study sites BD n a K R’
SH B1 1.972 0.164 9.740 0.942
B2 2.026 0.168 8.448 0.881
B3 2.044 0.169 6.220 0.883
B4 2.067 0.179 5.014 0.933
B5 2.247 0.198 4.491 0.969
SuU B1 1.635 0.150 5.423 0.905
B2 1.799 0.154 4.744 0.931
B3 1.862 0.158 3.940 0.891
B4 1.947 0.160 3.460 0.888
B5 1.964 0.162 3.328 0.923
FU B1 1.129 0.035 4.837 0.874
B2 1.189 0.044 4.109 0.952
B3 1.327 0.074 4,084 0.881
B4 1.527 0.135 3.469 0.922
B5 1.568 0.148 2.558 0.965
CH B1 1.076 0.035 4.635 0.873
B2 1.186 0.039 3.273 0.967
B3 1.196 0.055 3.956 0.959
B4 1.474 0.078 2.759 0.965
B5 1.553 0.142 2.261 0.862
YA B1 1.070 0.029 4.247 0.832
B2 1.136 0.039 3.122 0.944
B3 1.192 0.047 3.347 0.938
B4 1.451 0.074 2.292 0.940
B5 1.538 0.141 2.160 0.964

* n and a are van Genuchten parameters and reflect the index of the empirical infiltration (cm™), n influences the
distribution of pore sizes in the soil and affects the shape of the curve, while a determines the pressure at which
air enters the soil pores, K is equal to the infiltration rate at the end of the first period (cm h™).

Table 3. Mini-disc infiltrometer data for A value at applied suction heads between —1 to —5 cm for soil BD

values.
A
BD 1- -2 -3 -4 -5 CcVv
Bl 5.75+0.60 a 3.4240.33 a 2.50+0.24a  1.87+0.3la 1.1440.27 a 0.700+0.025 a
B2 7.35+1.65a 3.794£0.33 a 2.58+0.27a  1.98+0.31a 1.2740.27 a 0.693+0.067 a
B3 8.44+1.67 a 3.97+0.27 a 2.77£0.30a  2.04+0.29a 1.46+0.28 a 0.688+0.065 a
B4 9.46+1.73a  4.28+0.24ab  2.88+0.30a  2.14+0.31a 1.58+0.31 a 0.700+0.058 a
B5 10.57+2.15a  5.32+0.70 b 2.97+0.28a  2.21+0.29a 1.71+0.33 a 0.697+0.054 a

* The same letters following the numbers indicate there was no significant difference between the two datasets

based on Duncan's multiple-range test results (p < 0.05).
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Fig. 5. Comparison of predicted infiltration rate by the Phillip model with the measured results by MDI
for bulk density (B1 and B3) under suction heads (-1 cm and -3 cm) different soils in (a) SH, (b)
SU, (¢) FU, (d) CH, and (e) YA.

4. Discussion

The infiltration rate is a reflection of the soil's infiltration performance and the BD structure, which has a
significant impact on the soil's ability to store and drain water. Water retention in the soil is challenging, though,
if the infiltration capacity s excessively high, it represents the ability of the soil to absorb water and is influenced
by factors such as soil characteristics, land use, slope, vegetation cover, and antecedent soil moisture conditions.
The effect of BD on water infiltration capacity is determined by the number of macropores present. According to
Darcy's seepage law of unsaturated soil states that soil hydraulic conductivity and soil water potential gradient
determine the infiltration of soil moisture, whereas soil texture, BD, structure, moisture content, and matric
potential primarily determine soil hydraulic conductivity (Wang et al., 2016; Talat et al., 2020; Omran et al.,
2023). Soil matric potential is the primary factor influencing the initial stage of infiltration. A larger initial
infiltration rate is the result of a high matric potential gradient at the interface of the soil column, as well as a
large soil negative pressure caused by the low initial soil water content. BD affects the size and distribution of
soil pores, which in turn impacts the infiltration rate of soil. The gravitational potential gradually influences the
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infiltration process after water saturation of upper soil layer, then the infiltration rates decrease rapidly due to
soil properties such as the texture of the soil and bulk density (Dong et al., 2019).

Figure 5 presents the predicted infiltration rate by the Phillip model and the measured values using MDI for
different soils under BD vales. Generally both the predicted and measured ones are consistent. However, there
are some variations in the predicted infiltration rate by the Phillip model for different soils, which may be due to
differences in the soil properties (Mishra et al., 2003; Dahak et al., 2022). The infiltration rate was found to
change with suction heads under different BD values. The infiltration rate decreased over time, primarily due to
a rapid decrease in the the matric potential. Additionally, an increase in soil BD values led to a decrease in the
infiltration rate, so our experimental result in agreement with previous research that has shown a negative
correlation between BD and infiltration capacity (Yang et al., 2011). Cumulative infiltration was also influenced
by soil BD values. Higher BD values resulted in lower cumulative infiltration values. This observation is
supported by studies of (Atta-Darkwa et al., 2022; Abdel-Sattar et al., 2023). Their results demonstrated a
negative relationship between BD and cumulative infiltration. Furthermore, the study investigated the
relationship between infiltration rate parameters and soil properties. The results showed that BD had a positive
correlation with Clay, and Silt, while it had a negative correlation with Sand, SOC, IN, ST, and S. This finding
aligns with previous research that has reported similar correlations between soil properties and infiltration
parameters (Leung et al., 2018; Dias et al., 2023).

We found that there is an inverse relationship between the soil infiltration parameters A and K, that as BD
increases, K decreases with different soil textures, indicating slower infiltration rates. Similarly, A values are
generally higher for soils with higher BD (B5, B4, and B3) compared to those with higher BD (B2-B1). Shi et al.
(2022) found a significant negative correlation between A and K in soils, this is consistent with our results.
Conversely, Ren et al. (2016) found positive correlations between A and K in some soil textures, this is
attributed to macropore flow dominating the infiltration process. The presented data also included soil infiltration
parameters for different soils and BD values. The parameters n and o were found to increase with higher BD
values, indicating lower water infiltration rates and less water retention capacity. Conversely, the parameter K
which represents soil permeability, decreased with higher BD values, suggesting slower infiltration and lower
permeability. These results are consistent with the findings of studies conducted by Kool et al. (2019) and
Castellini et al. (2020), which reported similar trends in infiltration parameters with varying BD.

5. Conclusion

In this study, the influence of soil BD values on infiltration rate under different suction heads and soil textures
was investigated. The measurement was conducted using MDI device, and predicting its data and evaluating it
using the Philip model, which provided valuable insights into the soil infiltration rate. The results demonstrate
that the infiltration rate of different soils varies with different suction heads. Initially, the infiltration rate
decreased gradually until it stabilized at various suction heads depending on the BD and soil textures. The final
infiltration rates differed among different soil types. There was a clear negative relationship between BD and the
infiltration rate. Generally, as the BD value increased, the infiltration rate decreased. This trend was observed
across different soil types. Various soil properties, such as sand, silt, clay, and SOC, showed correlations with
infiltration rate parameters. The study also analyzed soil infiltration parameters, including the van Genuchten
parameters n and o, as well as the K value. These parameters reflect water infiltration rates, water retention
capacity, and soil permeability. These observations highlight the effect of soil BD values on infiltration rate
using different soil textures. It is important to note that the results obtained in this study are specific to some soils
in the loess plateau. Other different regions and soil types may exhibit variations in soil hydrodynamic
properties, leading to different, effects of soil BD on soil infiltration rate. Future research should consider these
variations and employ more accurate experimental methods to better understand hydrodynamic changes in soil
systems. Overall, this study provides valuable insights into the influence of soil BD on soil infiltration rate and
contributes to water and soil resource management in arid and semi-arid regions.

List of abbreviations:

BD (g cm™): Bulk density in grams per cubic centimeter
SOC (g kg™): Soil organic carbon in grams per kilogram
K (cm h™): infiltration rate in centimeters per hour

IN (cm h™): initial infiltration in centimeters per hour
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I (cm): cumulative infiltration in centimeter
S (cm min®?): soil sorptivity in centimeters per half minute
nand o (cm™): are van Genuchten parameters and reflect the index of the empirical infiltration per centimeters
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